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The present paper describes a new in vivo method to 
study the action of pemphigus antibodies against human 
tissue. Oral mucosal biopsies from healthy donors were 
transplanted to athymic nude mice, which, a week later, 
were injected with serum from pemphigus patients. 
From 1 to 5 days after the injection the epithelial trans-
plants were removed and preparations were studied by 
inununofluorescence microscopy. Pemphigus antibodies 
were demonstrated in preparations from each of 23 mice 
which had received pemphigus serum, but in none of 6 
which had received control serum. Transplants from 
about % of the experimental mice showed intercellular 
edema of the basal layers of the epithelium and in trans-
plants from 3 mice supra-basilar splitting of the epithe-
liUIIl was found. None of these changes was seen in the 
control mice. Passive transfer of human serum or lym-
phocytes to nude mice transplanted with human tissue 
may be of use in future studies of autoimmune diseases, 
including pemphigus. 
Immunofluorescence microscopy studies in patients with 
pemphigus demonstrate the presence of circulating antibodies 
in serum, active against the surface coat of squamous epithelial 
cells [1]. 
A number of studies, both in vitro and in vivo, suggest that 
these pemphigus antibodies are of pathogenetic significance 
[2]. Among the most important in vitro finding is that the 
addition of pemphigus serum to a tissue culture of normal 
human skin can induce acantholysis [3-5]. The most suggestive 
in vivo observations are that of bullous eruptions, which persist 
for some days in new born children of mothers with active 
pemphigus [6] and t h e close correlation between the titers of 
pemphigus antibodies and clinical activity of disease (2). 
Any postulate of autoimmune disease should be supported 
by demonstration that the disease can be communicated by 
passive transfer of serum or lymphocytes [7]. To this end we 
have developed a new in vivo model for the study of autoim-
mune diseases using nude mice and human target tissue. In this 
paper the system has been applied to the study of human oral 
mucosa biopsies which have been transplanted to nude mice 
[8] and subsequently exposed to pemphigus serum injected into 
the mice. 
MATERIALS AND METHODS 
Patients 
The sera infusions were derived from 2 patients with pemphigus 
vulgaris. Patient I was a 65-yr-old man with a pemphigus history of 13 
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mo. The disease was, clinically, very active and the patient was under 
treatment with Prednisone. Serum from this patient was injected into 
16 mice carrying oral mucosal transplants. Patient II was a 44-yr-old 
woman, also with a pemph igus history of 13 mo, under treatment with 
lmurel (Wellcome) . Clinically, the disease was moderately active. Se-
rum samples were injected into 7 transplant bearing mice. In both 
patients the initial lesions were in the mouth, rapidly followed by their 
appearance on the skin. 
Pemphigus antibody titers were determined by indirect immunofluo-
rescence microscopy, using guinea pig lower lip as the antigen and 
rabbit anti-human IgG (DAKO, Copenhagen) as the second laye r. The 
titer from patient I was 1:2560, and from II, 1:320. Both sera were 
stored at -80 0 C before use. 
Controls 
Three healthy individuals, 2 with blood group AB, and one with a 
high t iter of anti-A (1:512), were donors of control serum. Each of the 
3 control sera were injected int.o 2 mice, giving a total of 6 control 
animals. The anti-A serum was given to mice transplanted with mucosa 
from blood group A persons. 
Mucosa Donors 
Punch mucosal biopsies, 3 mm in diameter, were taken from the 
tonsillectomy incision edge of seven 5 to 6-yr-old child.ren with no sign 
of pemphigus or other bullous skin lesions, who were undergoing 
tonsillectomy. 
Mice 
Twenty nine 8-week-old nude mice (nu/nu BALB/c/ BOM-12th back-
cross of a gene transfer to BALB/ c/ BOM) were used as recipients. The 
animals were purchased from a breeding center (Gl. Bomholtgaard, 
Laboratory Animals Breeding and Research Center, DK-8680 Ry, 
Denmru'k) and were reared and kept under specified pathogen free 
(spO condi tions. During the actual experiments the animals were 
housed 4 or 5 together in Makrolon type III cages at the Patologisk-
anatomisk Institut, Kommunehospitalet, Copenhagen. Autoclaved feed 
pellets (Gl. Bomholtgaard) and sterile drinking water, were supplied 
ad lib itum. 
Transplantation of the Mucosal Biopsies 
The recipient mice were anesthetized with Epontol. An incision was 
made through the skin and panniculus carnosus in the flank region, 
and an area of deep fascia was exposed by blunt dissection. Prepru'ed 
mucosal specimens were laid on the fascia, and protected by "hat 
shaped" capsu les of 1-mm thick polyethylene sheet as described pre-
viously [9]. The skin was sutured over the capsules. To allow good 
vascularization of the transplan ted mucosa, the pemphigus serum was 
not injected until a week later. 
Adnl.inistration of Sera 
0.5 ml serum from patient, or control, was given intraperitoneally to 
each mouse. 
Im.m.unofluorescence Staining and Microscopy 
One to 5 days after administration of serum, the mice were killed, 
and the transplants were removed (Table). Immunofluorescence mi-
croscopy was carried out as described previously [10]; in brief, the 
tissue was rapidly frozen in solid CO,. Serial sections were cut on a 
cryostat. Every 2nd section were stained with a direct immunofluores· 
cent technique using heavy cha in specific FITC conjugated rabbit 
immunoglobulins (DAKO). The rest of the sections were fixed In 10% 
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neu tra l forma lin for 12 hI' and subsequently stained wi th H & E. The 
conjugates were antihuma n IgG,lgM a nd IgA. The average conjugation 
degree is a pprox. 2.3 moles of FITC per mole o f protein as calculated 
from the extinction rat io E"95/ Ez78 nm which is 0.63. The mean optical 
density (OD) ratio 495/278 nm of t he conjugates was 0.63 with 0.30 as 
lowest a nd 0.95 as highest ra tio. (Unconjugated immunoglobulins, OD 
ratio below 0.30, a nd conjugated immunoglobulins with a n OD ratio 
a bove 0.95 were removed by ion excha nge chromatogra phy). T he 
a nt ibody t itre of t he conjugates was 100 (i .e., 1 ml conjugate absorbs 
100 fJ.g pure huma n immunoglobulin) . The heavy cha in specificity o f 
the conjugates was obtained by immunization wit h pure huma n im-
munoglobulins fo llowed by abso rption wit h free ligh t cha ins . 
RESULTS 
The results are summarized in the Table. The mucosal trans-
plants from the 16 mice which received serum from patient I , 
and from the 7 mice which l'eceived serum from patient II all 
showed positive immunofluorescence. The transplants from 
mice sacrificed at day 1 to day 3 all displayed flu orescence of 
t he cell peripheries in the basal and supra basal cell layers, when 
stained with antihuman IgG conjugate (Fig 1) . Transplants 
recovered 3-5 days after administration of a ntibody showed 
weak flu orescence at the cell periferies in the spinous cell layer 
but no reaction in the basal cell layer. No staining was obtained 
with conjugated antihuman IgA and IgM, and all the control 
animals reacted negatively with all 3 conjugated antibodies. 
There was a weak binding of antibodies in normal mouse tongue 
epith elium but not in normal mouse skin. 
Intercellular edema of varying degree was seen in the basal 
layel's of epithelium in the transplan ts of 15 experimental mice. 
This was not seen in any of the transplants in the control mice. 
Suprabasal splitting was present in transplants from 3 of the 
experimental mice (Fig 2). These 3 mice had received the high 
titer pemphigus serum (patient I) 4 days before the histological 
examination. No control mice possessed similar changes. 
TABLE 1. Summary of findings on mucosallransplants 




of mice intercellular 19G in tercellul ar 
edema 
a. Injection of mice with sera of patien ts with pemphigus 
suprabasal 
spli tting 
1 Day - 6 6 4 0 
2 D ays 4 4 4 0 
3 Days 4 4 (Weak+) 4 0 
4 Days 5 5 (Weak+) 2 3 
5 D ays 4 4 (Weak+) . 1 0 
(Total) (23) (23) (15) (3) 
b. Injection of mice with sera of cont rol subjects 
1 Day 3 0 0 0 
4 D ays 3 0 0 0 
(Total) (6) (0) (0) (0) 
FIC 1. Direct immunoflu orescence of human ora l mucosa trans-
plant. A, 24 hI' and B, 72 hI' after administration of pemphigus serum. 
The bright fluorescence on t he cell membranes indicates binding of 
IgG. (Scale = 100 fJ.m) . 
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FIG 2. Huma n oral mucosa tra nsplant . 96 hr a fter administration of 
pemphigus serum. The epithelium shows supra-basal splitt ing (H & E) 
(Scale = 100/lm) . 
DISCUSSION 
The basic purpose of this investigation was to examine the 
possibility of developing an in vivo model for studying pemphi-
gus. An important question is therefore whether the observed 
fluorescence does in fact result from binding of pemphigus 
antibodies. The negative staining reaction obtained with rabbit 
anti-human IgM and IgA indicates that the staining is not 
caused by nonspecific binding of rabbit immunoglobulin to the 
epithelial cells. The negative staining obtained wit h anti-A 
serum and with serum fro m AB persons show that the posit ive 
staining reaction seen in present study can not result from 
blood group antibodies [11,12). Previous studies of oral mucosa 
transplanted to nude mice have shown no other alterations in 
the appearance of the transplant than a sligh t decrease in 
number of cell layers in the epithelium [9,13]. The preservation 
of normal histology in untreated mucosal transplants a nd th e 
binding of antibodies in the transplant following i.p. injections 
of the recipient nude mice indicates the possibility that the 
present model system may be used for studies of the pathogen-
esis of the pemphigus lesions. 
Several experiments have been done previously in t he study 
of passive transfer of pemphigus [2,14,15]. Microbullous lesions 
ha ve been produced in monkeys given 3 successive intradermal 
injections of sera from pemphigus patients [14). However, trans-
fusion of human pemphigus plasma to monkeys has failed to 
produce disease in spite of strong binding of a ntibody to epi-
dermal intercellular space (15). Human tissues have been used 
in in vitro studies where acantholysis has been produced by 
adding pemphigus serum to organ cultures of human skin 
[3-5). However, the nude mouse model may be more appropri-
ate for the investigation of the role of pemphigus antibodies in 
the process of disease. The fact that pemphigus is almost an 
exclusively human ailment [16] makes models in which human 
tissues are investigated more suita ble than models with other 
t issues. The described in vivo model may mimic the clinical 
s ituation more closely tha n the in vitro m odels. 
The observation that the area of antibody binding in epithe-
lial cells moved upwards towards t he smface dming the interval 
between antibody injection and termination of the experiment 
may indicate that the pemphigus antibodies were cleared from 
the blood circulation of the l'ecipient mice within a relatively 
sh ort period of time. This suggestion is supported by previou 
studies of passive transfer of pemphigus antibodies to rhesus 
monkeys when the titer of transfused antibody fell to unde-
pendable or very small levels wi thin 2-3 days [15]. The surface 
move ment of posit ive staining cells may also be in agreement 
with previous studies which have shown that the fastest movina 
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3H-thymidine labeled cells in t ra nspla nted oral mucosa move 
at a rate of 1-2 cell layers per day [13]. 
At present it is not known wherther th e intercellular edema 
fo und in the basal layers of t he transpla nted epithelium is a 
precursor of acant holysis. However, acantholysis has always 
been preceded by such intercellular edema [3-5,17). 
Only 3 of the mice killed after the 4th day showed supra basal 
splitting. This could be the result of dilution of the pemphigus 
serum in the mice, or to other factors as discussed by Sams and 
Jordon [15]. These matteI'S have not been considered in the 
present study, the pmpose of which was to develop a model for 
further studies of the pathogenesis of pemphigus. 
Studies of the experimental transfer of "autoimmune" dis-
eases from man to mouse have been done on myasthenia gravis 
[18], insulin dependent diabetes mellitus [19]. and Graves dis-
ease [20]. In all these studies, however, the mouse's own organs 
functioned as the target tissue. The present model is being 
developed in order to study pathogenetic mechanisms on hu-
man tissue. The principle of using huma n t issue transplanted 
to nude mice, and thus providing an in vivo situation, may be 
useful in the study of many other diseases. 
A s far as pemphigus is concerned, futme studies should 
include investigations of how antibodies penetrate into the 
epith elium and the relationship between the binding of pem-
phigus or other antiepithelial antibodies to cell membranes a nd 
the process of acantholysis. 
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